In this paper new diffuse solar radiation equations were established for Antalya, Turkey. For this purpose current equations from the literature which were functions of the clearness index and/or the sunshine fraction were examined. Nine (9) equations were selected to determine the regression constants of the new equations. In conclusion the best equation among the new equations was introduced on the basis of different statistical indicators.
Introduction
 Turkey has become prominent as a fast growing country in recent years. Sustainability of this growth is doubtful since the country is heavily dependent on imported fossil fuels for meeting its rising energy demands [1] . The key to break this dependency is to increase the share of renewable energy sources of the country in power generation.
Solar energy potential of Turkey was recorded to be enormous with the annual average solar radiation of 3.6 kW h/m 2 day and the total yearly solar radiation period of 2,640 h [2] . Antalya makes the most significant contribution to this enormous potential as one of the sunniest cities of the country with the annual average global solar radiation of 3.93 kWh/m 2 and the annual average sunshine hours of 8.25 h [3] . The efficiency of solar energy systems is directly related to the total solar radiation received on the PV module surface. Therefore it is important to consider this parameter when determining the inclination angle of PV modules [4] . Today the global solar radiation is easily measured almost all over the world. However the diffuse solar radiation which is required to calculate the total solar radiation is available for very few locations.
In this paper the monthly average diffuse solar radiation estimation was carried out for Antalya city, Turkey. For this purpose new diffuse solar radiation equations were developed using the current selected equations from the literature. In this regard the clearness index and sunshine fraction were used to define the diffuse fraction. In conclusion the best equation for the city was established on the basis of different statistical indicators.
Materials and Method
In this paper new diffuse solar radiation equations were developed using the current equations which correlated the diffuse fraction with the clearness index and/or sunshine fraction. The current equations were evaluated in three groups (Table 1) . Here the clearness index is the global solar radiation (H) divided by the extraterrestrial solar radiation (H 0 ), the sunshine fraction is sunshine hours (S) divided by the maximum sunshine hours (S 0 ) and the diffuse fraction is the diffuse solar radiation ( 
2.
3.
2 3 1.027 1.6582
1.1018 0.4019 0 0 0
Group 2: the diffuse fraction (H d /H) correlated with the sunshine fraction (S/S 0 )
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Group 3: the diffuse fraction (H d /H) correlated with the clearness index (H/H 0 ) and the sunshine fraction (S/S 0 ) 7.
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9. [12] by Turkey Renewable Energy Head Office. The extraterrestrial solar radiation (H 0 ) and maximum possible sunshine hours (S 0 ) were calculated from mathematical expressions below [13] [14] [15] :
where G 0 and w s are the corrected solar constant and the sunrise hour angle for horizontal surface respectively. Measured monthly average data of H and S and calculated monthly average data of H 0 and S 0 were used in the equations presented in Table 1 to predict the monthly average diffuse solar radiation. Then the regression coefficients for Eqs. (12)- (14) were determined by using the predicted data of diffuse solar radiation. 
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In conclusion the performance of the new equations was evaluated in terms of the statistical indicators below:
Mean bias error:
Mean absolute percentage error:
Mean absolute bias error:
Root mean square error: 
Results

Regression Coefficients of the New Diffuse Solar Radiation Equations
Regression coefficients of the new equations obtained from Eq. (12)- (14) are shown in Table 2 .
Statistical Test Results of the New Diffuse Solar Radiation Equations
Statistical test results of the new equations with regression coefficients in Table 2 are shown in Table  3 . Table 3 indicates that Eq. (22) gave the best statistical results for the related indicators.
Monthly Average Daily Diffuse Solar Radiation by Eq. (22)
Monthly average daily diffuse solar radiation by Eq. (22) is shown in Table 4 . Table 2 indicates the regression coefficients of the new diffuse solar radiation equations developed for Antalya, Turkey. Table 3 indicates the statistical test Table 4 indicates the monthly average daily diffuse solar radiation values which were calculated by using Eq. (22). Since the measured data are unavailable, these values can be used in further studies to calculate the monthly average daily total solar radiation, optimum tilt angles and many parameters related to the radiation received on the surface of PV modules.
Discussion
Conclusions
In this paper nine new diffuse solar radiation equations were developed for Antalya, Turkey. The predicted results of the selected current equations were used as measured diffuse solar radiation values since there were no available data. The performance of the equations was evaluated by statistical indicators MBE, MABE, MAPE, RMSE, R 2 and t-statistics. In conclusion Eq. (22), the quadratic function of the clearness index and the sunshine fraction, was selected to be the most accurate equation.
